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IXTRODUCT I O N  
The env i ronment  of a f l o w e r i n g  p l a n t  i n c l u d e s  among o t h e r s  a  
' I 
g e n e t i c  component and a e n t o m o l o g i c a l  one.  S i n c e  it i s  w e l l  known 
t 
t h a t  p e r h a p s  40-509; of a l l  a n g i o s p e r m s  have  chromosome numbers  i n -  
d i c a t i n g  t h a t  t h e y  are o f  p o l y p l o i d  o r i g i n   ebbins ins, 1 9 4 7 ) ,  po ly-  
p l o i d  s p e c i e s  and t h e i r  d i p l o i d  r e l a t i v e s  a r e  n o t  uncommon and y e t  
, . 
ar'e d i s t i n c t  enough t o  a s k  how s u c h  c o m p l i c a t e d  g e n e t i c  a r r a n g e m e n t s  
a r o s e .  T h i s  p a p e r  a t t e m p t s  t o  d e m o n s t r a t e  t h a t  a s s o c i a t e d  w i t h  a  
. . . d i s t i n c t  s e t  o f  d i p l o i d  and polypl 'oid b p e c i e s  i s " a  ' d i s t i n c t  c o r r e l a - .  . 
t e d  s e t  of  f l o w e r , - v i s i t i n g  i n s e c t s ,  among which  a r e  t h e  . ac tua l '  po l -  
l i n a t o r s .  I n  o t h e r  words ,  . I  h a v e  t r i e d ' t o  c o r r e l a t e  u n i q u e  p o l l i n a -  
t o r s  w i t h  d i f f e r e n t  c l o s e l y  r e l a t e d  s p e c i e s  0.f t h e  same g e n u s ,  many 
. . 
of which  a r e  p o l y p l o i d s .  
The e f f e c t  of  p o l y p l o i d y .  on a p l a n t  i s  somet imes  e v i d e n t  i n  t h e  
. . 
g e n e r a l  h a b i t  o r  a p p e a r a n c e  of  t h e  p l a n t ,  o r  i t  may b e  d e t e c t e d  by  , 
g i g a n t i s m  of  v a r i o u s  s o r t s  -- c y t o l o g i c a l  o r  i n  o t h e r  f e a t u r e s .  One 
of t h e s e  o t h e r  f e a t u r e s  i s  %he  a b s o l u t e  c o n c e n t r a t i o n  of v a r i o u s . c o m - a  
pounds ,  i n c l u d i n g  d e f e n s i v e  o n e s  s u c h  as p h e n o l i c s  ( ~ e v i n ,  1 9 7 1 ) .  
Some of  t h e s e  t y p e s  of compounds may b e  c o n s i d e r a b l y  i n c r e a s e d  i n  
c o n c e n t r a t i o n  i n  a  , p o l y l ) l o i d  c o n d i t i o n  and h e n c e  may b e  r e s p o n s i b l e  
f o r  t h e  p r e f e r e n t i a l  s u r v i v a l  o f  t h a t  g e n e t i c  c o m b i n a t i o n .  T h a t  con- 
c e p t  was t h e  o r i g i n a l  s t i m u l u s  f o r  t h i s  p e p e r ,  b u t  I was u n a b l e  t o  f i n d  
a  w e l l - s e g r e g a t e d  p o l y p l o i d  s p e c i e s  complex i n  o u r  f l o r a  which was 
known t o  p o s s e s s  s u c h  compounds. So I have  c o n c e n t r a t e d  on s t u d y i n g  
? 
w h e t h e r  l o c a l  p o l y p l o i d  P o t e n t i l l a  s p e c i e s  have  c h a r a c t e r i s t i c  f l o w e r -  
v i s i t i n g  i n s e c t s .  
P 
Of t h e  t e n  known l o c a l  s p e c i e s  of P o t e n t i l l a  I 'have obse rved  6. 
These s i x ,  a long  w i t h  t h e i r  'chromosomal s i t u a t i o n s ,  i r e  l i s t e d  i n '   able 
1. I d i d  n o t  f i n d  - P. s implex  (chromosome numger unknown) n o r  - P I  
i n t e r m e d i a  (chromosome number' =' 56 ,  o r  8 x )  which i s  p r o b a b l y  a hy- 
b r i d  between 2. a r g e n t e a  and - P. r e c t a  ( p e r s o n a l  communication from Dr. 
~ o s s ) .  g. p a l u s t r i s ,  a red- f lowered  bog o r  wet a r e s s p e c i e s ,  was a l -  l 
r e a d y  p r i n c i p a l l y  p a s t  f l o w e r i n g  by t h e  t i m e  t h i s  p r o j e c t  g o t  u n d e r  
way, and I d i d  n o t  t a k e  t h e  t i n e  t o  go o b s e r v e  whi te- f lowered - Y. 
t r i d e n t a t a  ( i n  t h e  jack  p i n e  p l a i n s  t o , t h e  s o u t h ) .  I 
I found - P. n o r v e g i c a  o n l y  i n  a  r o a d s i d e ,  d i t c h  n e a r  Cheboygan 
S t a t e  P a r k  and o n l y  one p l a n t  of  2. a r g u t a  i n  t h e  p a r k  i t s e l f .  I I 
a l s o  obse rved  2. f r u t i c o s a  i n  t h e  p a r k .  I t r a v e l e d  t o  a n  o l d  f i e l d  
: j u s t  wes t  of 175 and n o r t h  of l3 iggsv i1 lb  r o a d  t o  o b s e r v e  P. - r e c t a ,  
l 
and t o  t h e  n o r t h  s h o r e  of  B u r t  Lake f o r  - P. an.serin&. - P. a r g u t a  c a r p e t s  
t h e  U.M.B.S. b a l l  diamond, and t h a t ' s  where I obse rved  it. 
I s p e n t  t h r e e  h o u r s  o b s e r v i n g  t h e  f l o w e r s  df P.  a r g e n t e a ,  P. 
a n s e r i n a ,  and - P. f r u t i c o s a  e a c h , ,  2 i  h o u r s  on P. - r e c t a ,  and l i h o u r s  on 
P. n o r v e g i c a  and P. a r y u t a  eabh.  A l l  t h e s e  o b s e r v a t i o n s  were done  on - 
1 
1 
warm sunny a f t e r n o o n s ,  3 h o u r  on a  s p e c i e s  a t  a  t ime .  I e s t i m a t e  t h e  
number of f l o w e r s  osbserved f o r  each  s p e c i e s  t o  be a s  f o l l o w s :  P. a n s e r i n a  
-- 1 0  ( t h e  f i r s t  s & s s i o n ) ,  and 35-50 ( t h e  remain ing  5 s e s s i o n s ) ;  
ar-enten -- 75 ( t h e  f i r s t  3  s e s s i o n s ) ,  and 300 ( t h e  r e m a i n i n i  3 
s e s s i o n s ) ;  1'. a r g u t a  -- o n l y  1 f l o w e r  a t  any 1 s e s s i o n ;  - P.  f r u t i c o , s a  
-- 150;  E n o r v e g i c a  -- 15-25;  and P. r e c t a  -- 125 ( t h e  f i r s t  4 s e s -  
s i o n s ) ,  and 11 ( t h e  l a s t  s e s s i o n ) .  
I t r i e d  t o  c o l l e c t  e v e r y  i n s e c t  I saw v i s i t i n g  t h e  f l o w e r s  of t h e  
v a r i o u s  s p e c i e s .  Some I i g n o r e d ,  such as a  g r a s s h o p p e r  m e r e l y  r e s t i n g  
on a f l o w e r  and o b v i o u s l y  n o t  s e a r c h i n g  f o r  A f t e r  p i n n i n g  
3 
and p r e s e r v i n g ,  I keyed a l l  i n d i v i d u a l s  t o  f a m i l  k and s o r t e d  them t o -  
g e t h e r  by morphotype .  F i n a l l y ,  I pooled  and c o r r e l a t e d  a l l  t h e  morpho- 
. . 
t y p e s  t o g e t h e r  f rom t h e  v a r i o b s  s p e c i e s  of  P o t e n t i l l a  t h a t  t h e y  were 
3 I 
seen  on. 
I n  o r d e r  t o  s u & g e s t . t h a t  any one o r  s e v e r a l  of t h e  i n s e c t s  c o l -  
l e c t e d  was p r o b a b l y  s e r v i n g  a s  t h e  p o l l i n a t o r ,  I would have  t o  demon- 
s t r a t e  t h a t  it  i n d e e d  c a r r i e d  t h e  p o l l e n  f r o m ! a n t h e r  t o  s t i g m a .  T O  
. approach t h i s  problem,  I have  t r i e d  comparin'g f r e s h  p ~ l l e n  from - P . ,  
a n s e r i n a  w i t h  p o l l e n  I s c r a p e d  o f f  t h e  l e g  of a H a l i c t i d a e  2 c01- 
l e c t e d  on 2. a n s e r i n a -  They appeared  i d e n t i c a l  t o  m e ,  b u t  because  of 
my i n e x p e r i e n c e  i n  p a l y n o l o g y ,  I d i s c o n t i n u e d  t h i s .  
, T h i s  i n d e x ,  a s  w e l l  as t h e  t o t a l  number of  i n s e c t  s p e c i e s  seen  v i s i t -  
RESULTS 
i The a c t u a l  number of i n s e c t s  c o l l e c t e d  a  d  t h e i r  p r o p o r t i o n a l  
I 
abuncance (p; ) a r e  l i s t e d  by  famply  i n  T a b l e  2 ( a  number b e h i n d  a 
i n g  t h e  f l o w e r s  o f  e a c h  P o t e n t i l l a  s p e c i e s ,  a r e  g i v e n  i n  T a b l e  3 .  
f a m i l y  name i n d i c a t e s  a d i f f e r e n t  morp l~o type  
I 
I F i n a l l y ,  I c a l c u l a t e d  an indeN of s i m i l a r i t y  f o r  e v e r y  p a i r  of Poten-  
1 
s p e c i e s ) .  I t h e n  used 
t i l l a  s p e c i e s  u s i n g  t h e  f o r n u 1 a . S  = 2cya+b, and t h i s  i n f o r m a t i o n  i s  
I 
g i v e n  i n  F i g u r e  1. 
t h i s  p r o p o r t i o n a l  abundance d a t a  +'o c a l c u l a t e  an i n d e x  of  s p e c i e s  
n 
d i v e r s i - t y  f o r  e a c h  P o t e n t i l l a  s p e c i e s  u s i n g  t h e  fo rmuld  H = - E P;(UA.P) 
I \ ;= r 
i I The d i v e r s i t y  o f  t h e  f l o w  r - v i s i t i n g  i n s e c t s  i s  i m p r e s s i v e ,  jud- g i n g  from t h e  v a l u e s  of  11, and y e t ,  i n  s p i t e  of a l l  t h i s  d i v e r s i t y ,  
t h e r e  i s  n o t  t h a t  much o v e r l a d  i n  t h e  rnorf id types ,  as e v i d e n c e d  in 
F i g u r e  1. The most  n e a r l y - r e  a t e d  s a n 2 l e s  a r e  t h o s e  f rom*? .  - r e c t a  
I 




3 and - 2 .  n o r v e g i c a  and t h e s e  s h a r e d  o n l y  4 of  17 t o t a l  s p e c i e s .  The 
a v e r a g e  i n d e x  of s i m i l a r i t y  = -272- I t h i n k  t h i s  s u g g e s t s  t h a t  e a c h  
r 
s p e c i e s  of P o t e n t i l l a  d o e s  have  a c h a r a c t e r i s t i c  f l o w e r - v i s i t i n g  i n s e c t  
f a u n a . .  
Uut as t o  which o f . t h e s e  f l o w e r - v i s i t i n g  i n s e c t s  a r e  t h e  po l -  
l i n a t o r s  i s  a n o t h e r  m a t t e r .  C e r t a i n l y  t h e  Hymenoptera a r e  most  
i m p o r t a n t  i n  t h i s  r e s p e c t ,  and p a r t i c u l a r l y  from my o b s e r v a t i o n s ,  
H a l i c t i d a e  1-4, Apidae  1, and M e g a c h i l i d a e  1. A l l  of t h e s e  c a r r i e d  
p l e n t i f u l  p o l l e n  when c a u g h t  ' o t h e r s  p r o b a b l y  l e s s  i m p o r t a n t  a r e '  t h e  
I 
o t h e r  h a l i c t i d s ,  t h e  a n t s ,  and p o s s i b l y  M i r i d a e  1, the  b u t t e r f l y ,  and  
P h a l a c r i d a e  1. I c a r e f u l l y  o b s e r v e d  t h e s e  . las t-named b e e t l e s  c r a w l i n g  
u p  and down s u c c e s s i v e  f i l a m e n t s  of  - P. f r u t i c o s a ,  s p e n d i n g  much t i m e  
a p p a r e n t l y  f e e d i n g  on t h e  p o l l e n  i t s e l f .  The dead  spec imens  had much 
p o l l e n  around t h e i r  m o u t h p a r t s  and head .  A l l  t h i s  may o r  may n o t  i n -  
d i c a t e  t h a t  t h e  v a r i o u s  Y o t e n t i l l a  s p e c i e s  have  d i s t i n c t i v e  p o l l i n a -  
t o r s .  But  I t h i n k  it c e r t a i n l y  i l l u s t r a t e s  t h a t  t h e r e  a r e  d i s t i n c t i v e  
s e t s  of f l o w e r - v i s i t i n g  i n s e c t s .  I n  f a k t ,  o n l y  one morpho-spec ie s  i s  
comrnon t o  a l l  t h e  l ' o t e n t i l l a  s p e c i e s .  
Another  c o n s i d e r a t i o n  i s  t h a t  t h e  g e n e r a l  h a b i t a t  c o n d i t i o n s  of 
t h e  p l a n t s  may b e  more r e s p o n s i b l e  f q k  t h e  d i s t i n c t i v e n e s s  i n  t h e  
v i s i t i n g  i n s e c t  f a u n a  t h a n  t h e  f a c t  t h a t  some of them a r e  p o l y p l o i d s .  
I c o u l d  have t r a n s p l a n t e d  8.11 s i x  s p e c i e s  t o  a common p l a c e  and ob- 
3 s e r v e d  t h e  v i s i t i n g  i n s e c t s ,  b u t  I f e a r e d  s u r v i  a1 of t h e  p l a n t s  them- 
s e l v e s  would have  been  low. A l l , s i x  s p e c i e s  do seem t o  occupy e a r l y  
, . 
s u c c e s s i o n a l  s t a g e  a r e a s ,  t y p i c a l l y  w i t h  a c o a r s e ,  s andy  s o i l ,  and 
t 
h i g h  i r r a d i a t i o n .  T h a t  much t h e y  do  h a v e  i n  common. I d o n ' t  t h i n k  
I 
t h a t  I can  s p e c u l a t e '  on t h e  c o i n c i d e n c e  d f  m o i s t u r e  r e q u i r e m e n t s .  But  
any  d i f f e r e n c e s  i n  h a b i t a t  a r e ,  I t h i n k ,  b a l a n c e d  i n  p a r t  by  t h e  d i f -  
f e r e n c e s  i n  t h e  f l o w e r s  t h e m s e l v e s ,  s u p e r f i c i a l l y  i n  s i z e ,  and p r o b a b l y  
p h y s i o l o g i c a l l y  a l s o  i n  t h e  amount of  n e c t a r  s e c r e t e d  o r  p o l l e n  pro-  
duced.  These f a c t o r s  would haye  t o  b e  checked.  I t h i n k  it i s  an  open 
q u e s t i o n  a s  t o  whe the r  o r  n o t  t h e  v i s i t i n g  i n s e c t  f a u n a  d i s t i n c t i v e n e s s  
i s  due  t o  h a b i t a t  d i f f e r e n c e s  o r  d u e  t o  t h e  p h e n o t y p i c  e x p r e s s i o n  as. 
d i c t a t e d  by t h e  g e n o t y p e .  of t h e  p l a n t .  ' 
The m a t t e r  i s  made more c o m p l i c a t e d  by  t h e  occ ,ur renbe  of apo- 
m i x i s ,  o r  s e e d  p r o d u c t i o n  w i t h o u t  f e r t i l i z a t i o n .  In - P. a r g e n t e a  
apomix i s  i s  o n l y  p a r t i a l  --, s e x u a l  r e p r o d u c t i o n  m a y  a l s o  o c c u r .  . I n  , 
t h o s e  c a s e s  where it d o e s  n o t  o c c u r ,  p o l l i n a t j o n  i s  n e c e s s a r y  f o r  de-  
ve lopment  t o  begin ;  b u t - t h e  egg c e l l  i s  n o t  f e r t i l i z e d . ( P r o c t o r  and 
W*N 
Yeo; 1 9 7 2 ) .  T h i s  i s  t h e  o n l y , , P o t e n t i l l a  s p e c i e s  which d e f i n i t e l y  c a n  
and d o e s  r e p r o d u c e  a p o m i c t i c s l l y .  ( P e r h a p s  t h i s  complex p a r t i a l  
apomix i s  i s  r e s p o n s i b l e  f o r  t h e  h i g h l y  v a r i a b l e  chromosome numbers i n  
P. m a e n t e a ) .  Apomixis and p o l y p l o i d y  a r e  v e r y  o f t e n  a s s o c i a t e d  w i t h  - 
each o t h e r ( ~ t e b b i n s  aria Babcock,  1939) and t h i s ,  f a c t  would p r o b a b l y  
9 
i n v a l i d a t e  any s e e d  s e t  t e s t s  per formed t o  check  t h e  e f f e c t i v e n e s s  of  
t 
c e r t a i n  i n s e c t s  as p o l l i n a t o r s  on v a r i o u s  p o l y p l o i d  f l o w e r i n g  p l a n t s .  
T h i s  f a c t  p ,robably a l s o  means thaC some of t h e  o t h e r  P o t e n t i l l a  
p o l y p l o i d  s p e c i e s  a r e  a l s o  a p o m i c t i c  o r ,  p a r t i a l l y  so.  
I n  c o n c l u s i o n ,  t h i s  s t u d y  i s  o n l y  s beginnin ,g  t o  an  u n d e r s t a n d i n g  
of how i n s e c t s  and p l a n t s  i n t e r a c t  d u r i n g  t h e i r  p o p u l a t i o n a l  l i f  e- t ime.  
I t h i n k  t h i s  s t u d y  shows t h a t  a s e t  of  c l o s e l y -  e l a t e d  po1y;)loid s p e c i e s  f 
do  have  c h a r a c t e r i s t i c  f l o w e r - v i s i t i n g  i n s e c t  f a u n a  which may a l s o  be  
c h a r a c t c r i  s t i c  p o l l  i n s t o r s .  But many more o b s e r v a t i o n s  would ,have  t o  
I 
b e  made t o  s u b s t a n t i a t e  t h i s  l a t t e r  c l a i m  , f o r  o v e r l a p  i n  t h e  v i s i t i n g  
i n s e c t s  d o e s  o c c u r .  If t h e r e  were c h a r a c t e r i s t i c  p o l l i n a t o r s ,  t h i s  . . 
might  be a f a s c i n a t i n g  example of c o e v o l u t i o n  i n  i n s e c t s  and p l a n t s .  
I T a b l e  1. i ' o t e n t i l l a  s p e c i e s  o b s e r v e d  and t h e i r  chromosume s t a t u s .  
S p e c i e s  P r o b a b l e  chromosome number and  
p l o i d y  l e v  1 
I 1 
I 
P o t e n t i l l a  a n s e r i n a  I 28 1 -  4x o r  t e t r a p l o i d  
P o t e n t i l l a  a r g e n t e a  
P o t e n t i l l a  a r g u t a  
l ' o t e n t i l l a  f r u t i c o s a  
P o t e n t i l l a  n o r v e f i i c a  
P o t e n t i l l a  r e c t a  
v e r y  i n c o n s i s t e n t  
14  - I I 2x o r  d i p l o i d  
1 4  - 2x o r  d i p l o i d ,  
70 - 1 0 x  o r  d e c a p l o i d  ' 
I f  
42 - 6x o r  h e x a p l o i d  
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Figure 1. A comparison of the indices of similarity between the 
species of Potentilla with re 'spe 'ct~$o their flower-visiting insects. 
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